The paper discusses the use of multiclustering statistical analysis in the assessment of domestic wastewater filtration effectiveness. Calculations included data collected over four months of experiments with using waste as filling material of vertical flow filters for domestic sewage treatment. The effectiveness of pollutants removal was analysed in case of mechanically shredded waste in the form of PET flakes, PUR foam trims, shredded rubber tires and wadding. The organic compounds (CODcr, BOD 5 ) removal, suspend solids, biogens (as NH 4 + , PO 4 3-ions) and oxygen saturation changing compared with sand filling was analysed. Multiclustering statistical analysis allowed to divide pollutants removal efficiency of analysed materials into 3 clusters, depending on the hydraulic loading. The first group consisted in quality parameters of treated sewage: the highest reduction of BOD 5 and NH 4 -N. It included the values of quality parameters and indicators for the filtrates obtained at the lowest hydraulic load from columns filled with 60 cm of rubber tires or sand. The second group comprised the results for fillings containing foam, PET and rubber tires (the other hydraulic loads). It featured the highest reduction of total suspended solids and PO 4 3-. Removal of easily biodegradable organic compounds was at a similar level in both cluster groups. The filter filled with polyester waste (wadding), which was as effective as 30 cm layer of sand, and the filters filled with 60 cm of sand working at the highest hydraulic load. Third group showed the lowest values of parameters and indicators for analysed filtrates.
INTRODUCTION
Circular economy aims at treating the waste as recyclables that may be processed and used again. Quality of recycling, which depends on the methods of waste collecting and sorting, also plays an important role. Limited waste production and saving resources help to improve energy efficiency of the resource's life cycle and to reduce atmosphere emissions of carbon dioxide. Researchers from Denkstatt GmbH in Austria found out that producing PET bottles from a regranulate instead of an original polymer reduced CO 2 emissions by 80% [EURACTIV 2017] . Materials obtained in this way may also be used in the manufacture of fibers, fleece fabrics, food packaging or automotive foams [BEDELL et al. 2018] or as elements of thermal insulation [GUTIÉRREZ-GONZÁLEZ et al. 2012] . Shredded or chipped tires waste could be used in new rubber production [AOUDIA et al. 2017] and also added into rubber mixtures for thermal insulations or drainage layers [New Hampshire Department of Environmental Services 2011] .
In the processes of wastewater treatment more popular become methods based on solid waste materials. An interesting research was conducted by MANGESH and CHARPE [2015] . In laboratory scale multimedia filter model consisting of three reactors placed in series was developed for treatment of domestic wastewater. In case their study different types of material was testing. One of those reactors was packed with media size 16-20 mm (plastic scrubbers).
During all processes of wastewater treatment the removal efficiency for BOD was on the level of 70%, for COD was 62% and for total suspended solids (TS) was 87% for 24 hours of detention time was observe. The multimedia filter process also gave best results for TS removal.
During the process of organizing the source describing data the proper classification of wastewater treatment plays an important role. The linear methods (like regression) [KACZOR et al. 2017] , as well as methods based on classification trees [DACEWICZ, CHMIELOWSKI in press], neural networks [WĄSIK et al. 2018] or data clustering could be used [DACEWICZ 2018] . Hierarchical or non-hierarchical methods can be used in data clustering analysis. Using the hierarchical method, agglomerates are determined by linking obtained from the earlier steps of the algorithm minor clusters [StatSoft 2018] . The results are a dendrogram which illustrate the structure of the source data and enable preliminary assessment of the number of clusters. This number could be used in the non-hierarchical analysis by the k-means method. The parameters of this agglomeration procedure include objects from which the algorithm will start to construct the clusters (starting centers), and the criterion which determines the way to stop the algorithm (stop criterion) [StatSoft 2018] . The algorithm of the kmeans method of data clustering is based on the Euclidean distances matrix between objects and is corrected while performing the agglomeration procedure by transferring data between them.
This paper analyzes the possibility of using mechanically shredded waste, i.e. flakes of PET, elastic polyurethane foams, shredded rubber tires and wadding (polyethylene) for purification of domestic sewage. The efficiency of vertical flow filters in removing pollutants such as organic biogenic compounds and suspended solids using a multidimensional statistical analysis, i.e. principal component analysis and cluster analysis was assessed.
STUDY METHODS
Semi-technical models with identical PVC columns were built, to assess the performance of vertical flow filters filled with various types of waste materials (Photo 1). The model consisted of six identical PVC columns, 150 mm in diameter and 1000 mm high. The filling materials included four types of waste: fragmented polyurethane foam sponge (column 1), wadding from polyethylene (column 3), shredded PET flakes (column 4) and shredded rubber tires (column 5). As the reference columns with 60 cm sand (column 2) and 30 cm sand (column 6) was used.
The pretreated sewage collected in septic tank was analysed. This sewage supplied the six columns at hourly interval per day. The three various hydraulic load was considered: 31.8, 76.4 and 114.6 mm•d -1 per measurement series. The physical and chemical analysis of sewage samples was carried out. The following indicators of pollution was measured: pH, temperature, oxygen saturation, concentrations of organic compounds (BOD 5 and COD Cr ), ammonium nitrogen, nitrites and orthophosphates, as well as total organic solids. Physical and chemical tests were performed for a mean of 10 measurement series. Samples of effluents was collected from the each columns at the intervals of 24 h. Statistical analyses were conducted using Statistica 12.5 package. Statistical analysis of the filtrate quality from individual columns included few stages. The first stage provided basic descriptive statistics such as: an average value, minimum and maximum values, median and coefficient of variation. At the next step the types of support materials used for domestic wastewater treatment were grouped. Then we performed a non-parametric analysis of variance to reduced indicators describing sewage collected from individual model columns. The nonparametric Kruskal-Wallis test for variables lacking normal distribution and showing heterogeneity of variance was used to indicate the most significant rank differences between the groups of columns. A difference in means for a given pair of groups was considered significant when the probability value (p-value) was low than 0.05. As interpretation of the results was not straightforward, performed multidimensional cluster analysis was made. It this cases a simple hierarchical method was adopted in which agglomerates were determined by linking minor clusters obtained from the earlier steps of the algorithm [StatSoft 2018 ]. Ward's method was assumed as agglomeration method and the Euclidean distance was the distance measure. In the final step the correctness of classification into clusters on the basis of the agglomeration method, and regrouped the columns using the k-means method was verified.
RESULTS AND DISCUSSION
Figure 1 presents granulometric curves for shredded waste, i.e. polyethylene terephthalate flakes, flexible trims of polyurethane foam and shredded rubber tires. Because of its shape, the wadding (polyester) could not be subjected to the process of determining the granulation. Table 1 presents basic descriptive statistics of the pretreated sewage supplied the experimental model. The analysis of variance was carried out to determine whether the type of waste used as a filler significantly differentiated the values of oxygen saturation, reduction of BOD 5 , suspended solids, ammonium nitrogen and orthophosphates in the treated sewage collected from individual columns of the model. Outcomes of the non-parametric Kruskal-Wallis test (Tab. 3) confirmed considerable effects on the filling type on the reduction of the above mentioned pollution indicators over four months of the study. In analysed columns the least significant differences for elimination of easily biodegradable substances denoted as BOD 5 was found. It could be a result of created unfavourable conditions of filling material for colonization by heterotrophic bacteria.
Interpretation of the resulting column pairs did not provide a definite way of their grouping. For this reason the next step of investigation process was cluster analysed. Ward's agglomeration method was used and the Euclidean distance measure was considered.
Results of Ward's cluster analysis allowed to distinguish three groups of cases (clusters) that differed for all investigated columns over four months of the study (Fig. 2) . The linkage distance was assessed to 700. From this point the rest of result interpretations were made based on this three clusters. Figure 3 shows the average values for each of three clusters (groups) representing the value level for each parameter (filtrate quality indicator).
The first cluster consisted of cases of purified sewage with the highest oxygen saturation (an average value 63%) and reduction of BOD 5 and NH 4 -N (an average value 72% and 93% respectively). It included the filtrate quality parameters obtained at the lowest hydraulic loads ( 3-reduction (an average value 45%). Ammonium nitrogen removal at the level 66% was observed, what was at similar level (67%) in compare with PET flakes using as a filters material [WĄSIK, CHMIELOWSKI 2017] . CHMIELOWSKI et al. [2018] indicated that NH 4 -N ions were reduced in biofilters filled with polyurethane foam and PET at a similar level (up 64% and up 69% respectively). Removal of easily biodegradable organic compounds was on comparable level as in the cluster 1 and was an average 90%. The obtained results was in the similar level like in case of column with PET flakes fulfil, and slightly highest than in research presented by WĄSIK and CHMIELOWSKI [2017] . Moreover CHMIELOWSKI et al. [2018] indicates, that the use of polyurethane foam allowed to remove BOD 5 by an average up 95%. MANGESH and CHARPE [2015] investigated the plastic scrubbers in the process of wastewater treatment and found the removal efficiency for BOD on the level of 70%, and for COD on the level 62%. The third cluster included parameters describing the filtrates coming from the column filled with polyester and sand (30 cm), beside the filtrates obtained at the greatest hydraulic load 114.6 mm•d -1 for 60 cm sand column. At the average value of oxygen saturation 47%, these columns removed easily biodegradable organic compounds on the average level 50%, and biogenic compounds in the case of NH 4 -N, on the level 42%, and 31% for PO 4 3-. SPYCHAŁA and ŁUCYK [2015] obtained satisfying nutrients removal from wastewater by heterotrophic bacteria inhabiting synthetic non-woven filters from polyester of various thickness. The average effectiveness of removing of organic compounds, designated as COD ranged from 48 to 64%.
The variance analysis for the three considered clusters (Tab. 4) indicated that statistically significant differences at a significance level of 0.05 were not observed only in the case of suspended solids reduction. 
CONCLUSIONS
1. In the processes of domestic sewage treatment shredded wastes in the form of PET flakes, trims of polyurethane foam, rubber tires and polyester (wadding) could be an alternative filling material for sand.
2. Multiclustering statistical analysis is a useful tool for classification of various waste materials and their efficient during sewage filtration process and should be considered as a support to reduction numbers of indicators describing process of domestic sewage treatment.
3. The first cluster grouped sewage quality parameters like: reduction of BOD 5 and NH 4 -N. In the second cluster the best removal of total suspended solids and PO 4 3-it was found. Removal of easily biodegradable organic compounds was at a similar level in two received cluster groups (clusters 1 and 2). Third cluster showed the lowest level efficiency of pollutants removal for analysed filtrates. These results demonstrated some differences in the effectiveness of the pollutants removal between analysed waste materials.
4. Further studies to test waste materials in different combinations should be considered, especially in case of vertical flow filters without additional aeration.
